Application of multi-approach to characterisation of particle emissions from nanotechnology processes by McGarry, Peter D. et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
McGarry, Peter D., Clifford, Sam, Knibbs, Luke D., He, Congrong, &
Morawska, Lidia
(2016)
Application of multi-approach to characterisation of particle emissions from
nanotechnology processes. In
12th Annual Workshop of the Australia New Zealand Aerosol Assembly,
4-5 August 2016, Queensland University of Technology, Brisbane, Qld.
This file was downloaded from: https://eprints.qut.edu.au/108833/
c© 2016 The Author(s)
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
APPLICATION OF MULTI-MONITOR APPROACH TO CHARACTERISATION OF 
PARTICLE EMISSIONS FROM NANOTECHNOLOGY AND NON-
NANOTECHNOLOGY PROCESSES  
 
Peter McGarry,1,2 Sam Clifford,1 Luke D. Knibbs,1,3 Congrong He,1 and Lidia 
Morawska,1 
1International Laboratory for Air Quality and Health, Queensland University of 
Technology, Brisbane, Queensland, Australia 
2Office of Industrial Relations, Workplace Health and Safety Queensland, 
Queensland Treasury, Brisbane, Queensland, Australia 
3School of Public Health, The University of Queensland, Herston, Queensland, 
Australia 
Keywords: laser printers, nanoparticles, time-series, real-time instrumentation, 
correlation, particle monitor    
 
ABSTRACT 
This study provided answers to the following questions: (i) What is the minimum 
number of instruments required to characterise airborne particles emitted by a 
process? (ii) What was the performance of  three different models of condensation 
particle counter (CPC), an optical particle counter (OPC), a DustTrak photometer and 
a nanoparticle surface area monitor (NSAM) in characterising increases in airborne 
particle concentration/lung deposited surface area, respectively, and (iii) What factors 
influenced the strength of the relationships between the particle data calculated by 
these real-time instruments?  
  To answer these questions, particles generated by nanotechnology and non-
nanotechnology processes were first characterised, then the Spearman rank 
correlations between time-series airborne particle number concentration (PNC), 
particle mass (PM) concentration (< 2.5 µm [PM2.5]) and alveolar lung-deposited 
surface area of particles, respectively, were quantified.  
We challenged these instruments with a variety of aerosol particles, those 
originating from nanotechnology processes including carbon nanotubes, titanium 
dioxide, polyethylene, clay platelets, polyurethane, (ii) emitted during the operation of 
laser printers, and (iii) background, incidental to the main process being studied, such 
as from welding fume and artificial smoke.   For some of the experiments, we also 
utilised scanning electron microscopy, energy dispersive x-ray spectroscopy and 
thermal desorption for elemental carbon analysis in conjunction with the real-time 
measurements to confirm the particle concentration data were derived from the 
particle emission source being targeted.  
Our findings indicated CPCs, OPC, DustTrak and NSAM consistently recorded 
elevated particle concentrations above background in relation to challenge aerosols, 
and also the instrumentation was sensitive to characterising incidental sources of 
particles. In addition, the rs values indicated differences in the operating principles of 
the instruments or the type of particle did not influence the correlation. However, as 
strong positive correlations in particle data were related to the airborne particles being 
within the measurement range of all instruments, the concurrent use of a P-Trak, OPC 
and DustTrak is recommended as this increases the chance of important peaks being 
captured regardless of their source.  
 
